INTRODUCTION
Social inequalities in health are present from childhood until adult life; socioeconomic status (SES) differences in the risk of morbidity and mortality have been well documented. 1 The burden of disease is heavier among people living under low socioeconomic conditions compared with their better-off counterparts. 2 SES, operationalised through several indicators such as educational attainment, occupation or income, may also affect food consumption and diet quality. 3, 4 Studies assessing the impact of parental SES on children's and adolescent's food intake suggest a lower consumption of fruits and vegetables and higher intake of energy-dense foods in individuals from lower SES groups compared with their better-off counterparts, [5] [6] [7] [8] leading to a higher risk of developing overweight and obesity during childhood and preadolescence. 9 Therefore, it is of interest to assess the extent to which dietary patterns in school-aged children vary depending on SES.
Food consumption studies traditionally focused on individual foods or nutrients. However, due to the fact that diet is multidimensional and complex, other approaches have been developed in the past years, and research has shifted toward approaches focusing on dietary patterns. 10, 11 The study of dietary patterns allows the assessment of many foods and their combinations in a simultaneous way. One of the most used statistical methods for this approach is principal component analysis (PCA). 12 PCA is a data-reduction method that can be used to identify linear combinations of food intakes accounting for the largest variation in diet between individuals, and has been shown to provide a more useful picture of diet in relation to health outcomes rather than individual foods and single nutrients. 13 Although many studies have applied PCA to describe dietary patterns, the repeatability of the patterns between countries has been scarcely investigated.
14 Therefore, the present study aims first to describe country-specific dietary patterns (based on foods that are shown by consistent evidence to be related, either positively or negatively, to overweight and obesity in children) among children aged 2-9 years from eight European countries participating in the IDEFICS study; and second to assess the association of the dietary patterns with an additive SES indicator, comprising information about household income, parental occupation and parental education.
METHODS

Subjects and procedures
The 'Identification and prevention of Dietary-and lifestyle-induced health EFfects In Children and infantS' (IDEFICS) study is a prospective cohort study of children aged 2-9 years from eight European countries. The two main aims of the study were: (1) to investigate the aetiology of obesity and related disorders, and (2) to implement a community-based intervention to prevent obesity and related diseases. Children recruited during the cross-sectional baseline survey were considered for the present analysis. Between September 2007 and May 2008, 31 543 children from primary schools and pre-schools of selected regions in Italy (Avellino), Estonia (Tartumaa, Harjumaa), Cyprus (Nicosia District, Paphos), Belgium (East-Flanders), Sweden (Västra Götaland), Hungary (Baranya, Zala), Germany (Lower Saxony) and Spain (Aragón) were invited to participate in the baseline survey (T0) with a response rate of 53.4% (n = 16 864). The lowest response rates were reached in Spain (41%) and Hungary (44%), and the highest in Italy (60%) and Sweden (66%). In all, 16 224 children fulfilled the study's inclusion criteria (complete information on age, gender, height and weight). Sample size ranged from 1507 in Spain to 2567 in Hungary. The present study only includes children with full information on the examined dietary information and socioeconomic variables, being the included sample of 12 462 children (50.9% boys, 49.1% girls). An in-depth description of the complete IDEFICS study population is given by Ahrens et al. 15 Further information on the study procedures is available in previous papers. 16, 17 Each participating centre obtained ethical approval from their respective responsible authority. All children provided oral and their parents written informed consent for all examinations and the collection of samples, analysis and storage of personal data and collected samples.
Measurements
The parents filled in a self-administered questionnaire on parental attitudes, children's behaviour and social environment during the baseline survey. Three traditional SES indicators, namely, parental education, occupation and income, were assessed by self-report. Parental education level was categorised according to the International Standard Classification of Education (ISCED97). 18 Parental level of occupation position was assessed via 18 categories for each parent, and transformed into the five-classes version of the European Socioeconomic Classification. 19 Household income was assessed with nine country-specific categories based on the median equivalent income. The gained amount was equalised to the number of household members using the OECD square root scale. 20 All non-Euro currencies were transformed into Euros using the official currency rates of June 2008. For the purposes of the present analysis, an additive SES indicator constructed by Bammann et al. 21 was used. It comprises all three components, namely, equalised household income, parental education and occupational position. The additive SES indicator ranges from 3 (low SES) to 15 (high SES). In addition, migrant background was assessed. A migrant background was assumed if one or both of the parents were born in another country.
Dietary data were obtained by the food frequency section of the Children's Eating Habits Questionnaire-Food Frequency Questionnaire (CEHQ-FFQ) 22 in which the frequency of the child's consumption of selected food items during the preceding 4 weeks was reported. In order to assess meals under parental control, recall referred to meals outside the school canteen or childcare meal provision settings only. 22, 23 The CEHQ-FFQ consisted of 43 food items clustered into 14 food groups. It was applied as a screening instrument to investigate the consumption of foods shown to be related, either positively or negatively, to overweight and obesity in children. The CEHQ-FFQ was not designed to provide an estimate of total energy intake or total food intake, but rather to investigate the consumption frequency of obesity-related foods. 23 Nevertheless, a previous study showed that it gives reproducible estimates of the consumption frequencies in the participating children. 23 Those foods less likely to be associated with obesity were not included. Response options displayed from left to right were as follows: 'Never/less than once a week', '1-3 times a week', '4-6 times a week', '1 time per day', '2 times per day', '3 times per day', '4 or more times per day' and 'I have no idea'. For the analysis, a conversion factor was used to transform the questionnaire answers into weekly consumption frequencies. When the proxy reported having 'no idea', the weekly consumption frequency could not be calculated and the data were not used in the analysis of the respective food item. Children with more than 50% of missing values were excluded from analyses. No information on portion sizes was obtained.
Analyses
Country-specific dietary patterns were identified by means of PCA. Owing to the different food-related cultural backgrounds and countryspecific differences on food-intake frequencies, 5, 24 we decided to explore the dietary patterns for each country separately. PCA was performed on the reported weekly frequencies of consumption of 43 food items. This technique produces new variables (principal components), which are independent linear combinations of dietary variables with maximum variance. One of the main concerns about the use of PCA to describe dietary patterns is the influence of subjective decisions taken during the analysis, for example, the number of factors to be extracted, the rotation method, labelling the components and so on. 25, 26 To identify the number of components to be retained, two commonly applied criteria 11 were used: (a) the eigenvalue higher than 1 criterion and (b) the interpretability of dietary patterns. Rotation was carried out using varimax (orthogonal) rotation in order to put high loadings (correlations) on few variables and get a better interpretability of the factors. Food items with absolute factor loadings greater than 0.30 were considered to be important contributors to a pattern. A positive factor loading means that the dietary item is positively associated with the specific dietary pattern, whereas a negative factor loading reflects a negative association. Labels were assigned to the components on the basis of foods with higher loadings within the specific component to help in the presentation and discussion of the results.
Each of the retained components was regressed on the additive SES indicator to assess the impact of SES on the children's dietary patterns. The models were adjusted for gender, age and migrant background. All analyses were conducted using the predictive analytic software version 18.0 (SPSS, Chicago, IL, USA). Table 1 shows the characteristics of the children. In all, 13% were classified as overweight and 7% as obese in accordance with International Obesity Task Force criteria. 27 After running PCA on the 43 food items, four dietary patterns in the Belgian and German samples, three dietary patterns in the Italian, Estonian, Hungarian and Spanish samples and two dietary patterns in the Cypriot and Swedish samples were identified (Tables 2a, b and c, and Appendix 1). The percentage of explained food intake variance ranged from 13.4% in Sweden to 26.7% in Germany.
RESULTS
Belgium
The first dietary pattern explained 9.4% of the variance and was called 'processed' due to the high loadings on pizza, hamburger, savoury pastries and crisps. The second pattern labelled as 'healthconscious' presented high loadings on fruits and vegetables and also for diet drinks and fruit juices. The third pattern having high loadings on water, whole-meal bread and fruits, and very low loadings on sweetened and diet drinks and white bread was labelled as 'healthy'. Finally, a fourth component with high loadings on cold cuts, fried meat and sweet products was labelled 'confectionary and meat'.
Cyprus
The first component, also labelled as 'processed', explained 13.5% of the variance and was mainly characterised by high loadings on pizza, crisps, savoury pastries, fried potatoes and ice cream. The second pattern presented high loadings on raw vegetables, hamburger, falafel, kebab, fresh fruits without sugar, plain unsweetened yoghurt, pasta and milled cereals. It was labelled as 'traditional' as it seems to reflect culture-specific dietary features.
Estonia
The first component was also labelled as 'processed' (high loadings on crisps, candy bars, savoury pastries, biscuits and packaged cakes and sweetened drinks). The second pattern was labelled as 'healthy' due to the high loadings on fruits and vegetables, not fried fish and meat, and nuts, seed and dried fruits. Finally, a third component characterised by high loadings on cold cuts, butter, white bread, whole-meal bread and hamburger was denominated as 'sandwich products'.
Germany
The first component was characterised by high loadings on crisps and savoury pastries, fresh and fried meat, fresh and fried fish, fried and poached eggs and mayonnaise and was named 'processed'. The second pattern 'confectionary' was characterised by high loadings on sweet products (chocolate, candy bars, candies, marshmallows, biscuits and ice cream). The third pattern was named 'migrant pattern' as the highest loadings corresponded to plain yoghurt, fresh fruits, pizza, milled cereals showing also very low loading on cold cuts (mainly corresponding to pork meat) scoring this pattern especially high in the migrant German subsample (mean difference = − 0.842 (−0.930, − 0.755); t-test P-value o0.001). Finally, a 'healthy' pattern characterised by high loadings on fruits and vegetables and whole-meal bread was retained.
Hungary
The first component 'processed' presented high loadings on crisps, savoury pastries, pizza, chocolate, candy bars and biscuits. The second pattern denominated as 'healthy', presented high loadings on plain unsweetened yoghurt, fruits and vegetables, fish and nuts. Finally, a third pattern was labelled as 'sandwich products' because of the high loadings on white bread, cold cuts, butter, reduced-fat products on bread and hamburgers.
Italy
The first component was also labelled as 'processed' because of the high loadings on crisps, savoury pastries, candy bars and sweetened drinks. The second component was called 'healthy' as it showed high loadings on fruits and vegetables and fish. Finally, a third component was found, mainly characterised by butter/margarine and reducedfat products on bread, jam, honey and chocolate spread.
Spain
The first component was, similar to the rest of the countries, characterised by high loadings on 'processed' products such as crisps, savoury pastries, candies, ice cream and fried potatoes. The second component showed high loadings on cold cuts, fried meat, fruits and vegetables, and therefore was labelled as 'traditional'. Finally, the third component was denominated as 'healthy' due to the high loadings on fresh fish and meat, fruits and vegetables, whole-meal bread and plain unsweetened milk.
Sweden
The first component presented high loadings on fruit and vegetables, fresh fish and whole-meal bread, and therefore was labelled as 'healthy'. The second component showed high loadings for fried potatoes, sweetened drinks, hamburgers, crisps, chocolate and candy bars and ice cream and was labelled as 'processed'. Table 3 shows the regression coefficients (95% confidence intervals) and levels of significance for the associations between the country-specific retained dietary patterns and the additive SES indicator. These results show a significantly negative association between the additive SES indicator and the 'processed' food pattern in all countries, except from Sweden. Furthermore, a significantly positive association was found between the SES indicator and the 'healthy' food pattern for Belgium, Estonia, Germany and Hungary. In Hungary also, the sandwich products pattern was significantly negatively associated with the SES indicator, whereas in Germany the confectionary pattern and in Belgium the health-conscious pattern did.
DISCUSSION
This paper assessed the existence of country-specific empirically derived dietary patterns in eight different European regions. Using a standard approach, 2-4 dietary patterns were identified in the participating regions. The identified patterns explained 13.4-26.7% of the total variance in the frequency of consumption of 43 food items, a similar percentage compared with other studies applying factor analysis to a similar number of food frequency variables. 9, 28, 29 Our findings show, for the eight investigated regions, the existence of a 'processed' pattern characterised by high intake of foods such as fried potatoes, fried fish fingers, hamburgers, hotdogs, crisps, savoury pastries, sweetened drinks, biscuits, ice cream or chocolates (explaining between 6.4 and 13.5% of the variance). Also, a 'healthy' pattern, characterised by high intake of foods such as raw and cooked vegetables, fruits, plain unsweetened milk, fish, whole-meal bread, nuts, seeds and dried fruits was identified in seven of the eight investigated regions (no healthy pattern in Cyprus). These two dietary patterns were consistent among the countries, suggesting the existence of common dietary practices in children throughout the different participating countries and a narrowing of differences in food choices of European countries. 14 Several studies identified similar components, usually called 'prudent/healthier pattern' (comparable with our 'healthy' pattern) [30] [31] [32] and 'western/processed pattern' (comparable with our 'processed' pattern). 33, 34 Nevertheless, the results also show country-specific differences in the common patterns (for example, processed pattern in Germany shows higher loadings for protein products compared with the processed pattern in the rest of the regions). Moreover, our results also describe country-specific dietary patterns, such as 'sandwich products' in the investigated Eastern European regions (from Estonia and Hungary) or 'traditional' in two of the Mediterranean regions (Cyprus and Spain). Although dietary patterns across Europe are becoming more homogeneous in the last decades, there are still large dietary differences between countries that may reflect the existing different cultural food habits and gastronomic heritage.
35,36
The results pertaining to the second goal-to assess the association between dietary patterns and SES-revealed that the 'processed' pattern was significantly inversely associated with the SES additive indicator in all countries except Sweden (in the case of Sweden, the average amount of meals under parental control was lower compared with the rest of the countries). This finding is in line with previous reports in which more 'unhealthy' patterns, characterised by processed and snack products, have been related to lower SES. 29, 30, 32 The association of the 'healthy' pattern with SES was significantly positive in the Belgian, Estonian, German and Hungarian regions, but was not significant in the Italian, Spanish and Swedish regions. Previous studies found a positive association between SES and more 'healthy' patterns. 6, 30, 37 The lack of significant association between the 'healthy' pattern and SES in Italian and Spanish regions may be due to a lack of association of Mediterranean diet and SES gradient. The present results show, however, mixed (positive association or no association) results.
The use of more than one socioeconomic indicator is considered to be desirable. 38 For the present report, we used an additive indicator developed by Bammann et al. 21 comprising parental occupation, household income and parental educationrelated information. Although parental education has been shown as one of the most relevant SES indicators in relation with childhood obesity and lifestyles, the additive indicator showed stronger associations, positive or negative, with the identified dietary patterns compared with parental education level (data not shown) supporting the adequacy of using such an indicator.
One of the main limitations of this study is the response rate. The whole study involved complex logistics for participants and required the active participation of parents. Furthermore, a selection bias cannot be dismissed as individuals without health problems or parents without concerns about their children's health may be less motivated to take part in the study. 39 Unfortunately, the direction of the bias cannot be predicted, as we have no systematic information about non-participants. Social desirability bias may have affected also the dietary reports resulting in an overestimation of healthier food intake and underestimating unhealthier foods intake. Finally, the assessment of frequency of consumption relied on parental reports, and therefore the results may be strongly related to the number of meals under parental control. Previous studies suggest that over reporting of healthier foods is more frequent in individuals with higher educational levels, 40 which might explain the positive association with SES for this dietary pattern. Furthermore, the study population comprised participants from eight European regions (not necessarily representative for the country), which reveals ecological differences in diet and makes generalisation difficult.
Among the strengths of the present study are the large sample size in an international multicentre design that allowed us to apply country-specific PCA in across-European setting. This is of special interest, as dietary patterns are likely to be strongly affected by culture. The analysis allowed us to find two main common components and several country-specific patterns. Other remarkable strengths are the strict standardised procedures followed during the data collection 14, 15 and the high quality-control procedures, including plausibility checks implemented in the database and performed during data entry.
CONCLUSIONS
The present study applied country-specific PCA and identified a 'processed' pattern and a 'healthy' pattern in most of the participating countries in the IDEFICS study, with comparable food item profiles. In addition, region-specific patterns were identified, reflecting the existing gastronomic and cultural differences in Europe. The results showed a strong inverse association of SES with the 'processed' pattern, suggesting that children of parents with lower SES are at higher risk of unhealthy eating. Moreover, previous literature also showed that children from lower SES populations present higher prevalence of overweight and obesity. 21 Therefore, special focus should be given to parents and their children from lower SES levels when developing school-based and communitybased healthy eating promotion strategies in order to decrease childhood overweight inequalities.
analysis compared with confirmatory factor analysis. Bold entries in the appendix tables are 'factor loadings >0.30', which are considered important contributors to the patterns. *PC1: processed; PC2: health-conscious; PC3: healthy; PC4: confectionary and meat. Bold entries in the appendix tables are 'factor loadings >0.30', which are considered important contributors to the patterns. *PC1: healthy; PC2: processed.
